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Objective: The aim of the present study was to address the lumper-splitter discussion on functional somatic syn-
dromes by applying k-means cluster analyses on a heterogeneous sample of persons with unexplained somatic
complaints. In favor of the lumper-side of the debate, clusters should differ only on the overall severity of the somatic
complaints that were assessed. According to the splitters view, clusters should differ in symptom-speciﬁc patterns.
Methods: Three-hundred ninety four subjects with functional somatic symptoms were clustered based on their
scores on 47 somatic symptoms. Three cluster solutions (k=2,3, and 4 clusters) were compared on overall symp-
tom severity, symptom patterns, and psychological distress.
Results: Results showed that in all three solutions the clusters were deﬁned by increasing total symptom scores and
increasing psychological distress. Cluster-speciﬁc symptom patterns where evident only whenmore clusters (three
or four) were allowed. The best ﬁt index was found for a 2-cluster solution.
Conclusion: The ﬁnding of symptom speciﬁc patterns in clusters which could not be differentiated on overall symp-
tom severity is in favor of the splitters' view. The ﬁnding that all other clusters could be discriminated on overall
symptom severity and that the 2-cluster solution had the best ﬁt is in favor of the lumpers' view.© 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
When a person presents with somatic symptoms that cannot
(fully) be explained by a known organic pathology, these symptoms
will be labeled ‘medically unexplained’ or ‘functional’. Often, more
than one symptom is present and certain constellations of symptoms
give way to a diagnosis of a speciﬁc functional somatic (FS) syndrome
like for example chronic fatigue syndrome, ﬁbromyalgia, or irritable
bowel syndrome, with speciﬁc diagnostic criteria for each syndrome
[1–3]. These FS syndromes have a high prevalence in our Western so-
ciety [4,5].
The use of FS syndromes to diagnose persons with FS symptoms has
been the topic of debate. The so-called splitters side of the debate de-
fends the usefulness and even necessity to discriminate between syn-
dromes as separate diagnostic categories [6,7]. Lumpers on the other
hand argue that all of the syndromes represent one underlying common
basic syndrome [8,9]. Arguments in favor of the latter position are as
follows: a) the extensive overlap in core symptoms (e.g., fatigue, dif-
fuse pain, general malaise); b) the fact that patients meeting criteria
for one syndrome often meet criteria for other syndromes as well [8,9];
c) patientswith different syndromes share non-symptomcharacteristics,
like a history of stressful life events or a traumatic history [10,11]; and d)
all syndromes share common psychiatric comorbidities (mainly anxiety
disorders). Splitters argue that these arguments do not apply to allUtrecht, The Netherlands. Tel.:
vier OA license.patients, and can thus not sufﬁciently explain the diversity and speciﬁc-
ity of the syndromes.More recently, it has been suggested that both sides
are true in that there is commonality as well as heterogeneity between
(and within) FS syndromes in both onset-related factors and psychoso-
cial and physiological patient characteristics [12].
Attempts have beenmade to solve the “splitters versus lumpers” de-
bate on FS syndromes by statistical techniques such as principal compo-
nent analysis that group FS symptoms to ﬁnd speciﬁcities [13–15] or by
latent class analyses to ﬁnd communalities [16]. Some of the factor ana-
lytic studies have demonstrated multiple factor solutions with identiﬁ-
able symptom groups per factor (e.g. gastrointestinal, musculoskeletal,
cardiopulmonary) [13–16]. However, the symptom groups were found
to differ between studies and the factors were inter-correlated [14,16],
the most obvious reason being that patients often present symptoms
from multiple factors. Therefore, grouping of symptoms across subjects
may not be the appropriate statistical approach to solve the lumpers–
splitters debate.
Of more relevance to the diagnosis of FS syndromes are techniques
that try to categorize subjects in separate groups on the basis of the
unique pattern of their symptoms. To date, only three studies have used
this approach. Fink et al. [14] used latent class analyses to identify groups
in their sample. These analyses yielded solutionswith either two or three
classes. In both results, classes could be distinguished by the number of
symptoms and not by the type of symptoms. Gara et al. used hierarchical
class analysis with a priori grouping of symptoms and found 11 patient
clusters [17]. The clusters found in this study could be deﬁned by “no
symptom presentation”, “presentation of one group of symptoms”,
“some groups of symptoms”, or “all groups of symptoms”. This partly
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on the number of symptoms (favoring a lumper's position), but also
points to the fact that for a number of patients the symptoms that are
experienced belong to one symptom group only (favoring a splitter's
position). Finally, Kato et al. used latent class analysis of a sample of
twins which yielded a ﬁve-cluster solution, with the clusters being dif-
ferent both in count of symptoms and in type of symptoms [18]; also
supporting both the lumpers' and the splitters' side of the argument.
Thus, these studies provide support for both sides of the argument, pos-
sibly implying that FS symptoms should be viewed from both a
lumper's and a splitter's perspective.
Several methodological choices might have inﬂuenced the results
in these studies. First, symptom presentation was dichotomized in
most studies, thereby not taking into account symptom severity.
This leads to giving an equal weight to vague side symptoms of a
main symptom as to the main symptom itself. Second, the presence
of physical symptoms was assessed over a relatively long retrospec-
tive period, either during the last two years [14] or during lifetime
[17,18]. Symptom reports may therefore be strongly confounded by
recall biases [19]. Third, predeﬁned symptom groups were used in
some studies [14,17], although the use of symptom groups is not
strongly supported by factor analyses of the symptoms. Fourth, in
two of the studies the data of healthy persons were combined with
the data of patients in the same analyses [14,18]. As a result, the
strongest differences within the sample are between the presence
of no symptoms (i.e. the healthy persons) and the presence of any
symptom (i.e. all the persons presenting with FS symptoms). This
large difference between healthy subjects and patients may have
masked a ﬁne-grained cluster solution within patients. Based on
these limitations it may be argued that clustering patients with FS
symptoms needs further elaboration.
It is striking that the number of clusters found in the previous
studies differs strongly, ranging from two to eleven. The number of
clusters to search for is a matter of choice, and thus the subtlety of
the solution (which depends on the number of clusters within the so-
lution) is a consequence of this a-priori choice. Examining multiple
cluster solutions within one sample could give some insight into the
effects of the number of clusters on cluster structure.
In the current study, a sample of subjects with heterogeneous self-
reported FS complaints was clustered on self-reported severity of 47
symptoms in the past seven days. The aim was to address the lumper–
splitter discussion by examining cluster solutions on symptom severity
and symptompatterns. In favor of the lumper-side of the debate, clusters
should differ only on the overall severity of the complaints that were
assessed. In contrast, according to the splitter-view, clusters should differ
in symptom-speciﬁc patterns (i.e., syndromes). We chose to use a
k-means clustering technique that allows for multiple cluster solutions
as this technique allows for setting the number of clusters in a solution
a priori and assigns each person into one cluster only (as opposed to
other much used cluster techniques, such as latent class analysis). This
way, itwas possible to examinewhether an a priori choice in the number
of clusters in the solutionwould inﬂuence the explanation the cluster so-
lution offers for the lumper–splitter debate. For further interpretation of
the cluster solutions, the solutions were examined on between-cluster
differences in total symptom scores, cluster-speciﬁc symptom patterns,
and psychological distress. Psychological distress was included to incor-
porate the lumpers' position that the number of symptoms would be a
function of the level of anxiety and depression.
Methods
Subjects
The source population consisted of subjects with heterogeneous
FS complaints. Eligible participants were recruited through the inter-
net, by placing links to the questionnaire on FS syndrome patient sites(i.e., for patients with chronic fatigue syndrome; ﬁbromyalgia; irritable
bowel syndrome; hyperventilation syndrome; and unexplained chronic
pain). This way, it was ensured that only persons who consider them-
selves to have FS symptoms were exposed to the call. Only respondents
who completed the surveywere retained in the sample. The surveywas
started 653 times and completed 466 times. Fourteen respondents
completed the survey twice and for these persons the second response
was deleted, resulting in a sample of 452 unique respondents. Two re-
spondents were younger than 18 years of age at the time of responding
and were deleted from the dataset. After exclusion of respondents who
reported having used soft- or hard drugs in the last week (n=5), hav-
ing either an autoimmune disorder (n=12), thyroid disorder (n=29),
or a disorder which leads to severe pain complaints (hernia, scoliosis,
spondylosis, arthritis; n=10), a sample of 394 respondents remained.
Mean age at the time of responding was 48.4 years (range: 18–84)
and the majority of the respondents was female (76.1%).
Procedure
The link on FS syndrome patient sites led to a homepage onwhich
information regarding the study was posted. Persons who agreed to
participate could click on a questionnaire-link on the homepage
which automatically directed them to the information letter, entailing
information about purpose and length of the questionnaire and storage
of information. Informed consent was obtained for all respondents be-
fore entering the questionnaire. Respondents could give informed con-
sent by checking the box below the information letter that said “I have
read the information and agree to participate in this study”. The ques-
tionnaire was presented using NetQuestionnaires, version 6.5.
Measures
General descriptive informationwas obtained for gender, age, educa-
tion, body length and body mass. Also, items were included concerning
use of recreational drugs in the last week and presence of a chronic dis-
ease (reportedly diagnosed by a physician). It was also assessedwhether
a diagnosis of a FS syndrome was made in the past.
Somatic complaints were assessed with a 47-item symptom list
speciﬁcally created for the current study (see Appendix). The list
was primarily based on the Bodily Sensations Questionnaires [20]
to which additional symptoms were added from several other so-
matic symptoms lists. Respondents could indicate for each symptom
to what extent they had experienced this symptom in the last seven
days on a ﬁve-point Likert scale (1=not; 2=a little; 3=quite a bit;
4=quite a lot; 5=highly). The list included four gastrointestinal
symptoms, six cardiac symptoms, ﬁve respiratory symptoms, six phys-
ical fatigue symptoms, six musculoskeletal symptoms, six cognitive
symptoms, and fourteen ‘other’ symptoms.
The Dutch translation of the Hospital Anxiety and Depression Scale
(HADS) [21]was used to assess psychological distress. The questionnaire
contains 14 items on emotional state during the pastweekwhich have to
be answered on a four-point scale. Because somatic symptoms of anxiety
and depression do overlap with somatic symptoms of a disease (or with
FS symptoms), regular mood questionnaires are often not valid in a so-
matic population. The HADS is speciﬁcally designed for assessment of
anxiety and depression levels in persons with somatic symptoms. Reli-
ability of the Dutch translation of the questionnaire is acceptable with
cronbach's coefﬁcient alpha 0.81–0.84 for the anxiety subscale and
0.71–0.86 for the depression subscale [21].
Cluster analyses
Respondentswere clustered on their scores on the47 somatic symp-
toms with a k-means cluster analysis, using SPSS for Windows, version
20.0.0. The k-means cluster analysis is an iterative partitioning method
in which the number of desired clusters is set a-priori. After an initial
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erativemanner to the groupwith the nearest centroid. Cluster centroids
are recalculated after every step and cluster assignment is repeated
until convergence is achieved [22]. Screening of the individual scores
on the somatic complaint variables yielded two outliers. Because of
the small number of outliers in proportion to the total number of data
points, it was decided to retain these in the dataset. Three cluster anal-
yseswere performedwith a-priori settings of 2, 3 and 4 clusters. In con-
trast with other studies using cluster analyses, no a-priori symptom
groups were created. Instead, all symptoms were entered in the analy-
ses separately.
Cluster comparisons
Clusters in all three cluster solutions were compared on total
symptom scores and cluster-speciﬁc symptom patterns. Clusters
were also compared on anxiety and depression scores on the HADS
and on demographic variables. Differences between clusters in total
symptom scores, HADS scores, age, and BMI were tested with inde-
pendent t-tests for the 2-cluster solution and analyses of variance
(ANOVA) for the 3- and 4-cluster solutions. ANOVAs were followed
by post-hoc t-tests with Bonferoni correction for multiple compari-
sons. Differences in gender ratio were analyzed with chi-squared
tests (χ2), with post hoc interpretation of the standardized residuals
to assess which cell contributed to the statistic (a cell with a stan-
dardized residual above 1.95 can be interpreted as contributing to
the statistic). Finally, max C(K) (a variance ratio criterion) was calcu-
lated for each of the cluster solutions as an indicator for the best num-
ber of clusters with the following formula: (trace B/(K−1))/trace W/
(n−K). A higher value of C indicates a better ratio of within and be-
tween cluster variance and thus an indication for the optimal number
of clusters [23].
Results
FSS characteristics of the sample
Mean score on the symptom list was 2.31 (SD: 0.62), with a range of 1.06–4.53.
None of the respondents reported not to have experienced any of the symptoms in
the last week. Mean scores on the separate items of the symptom list ranged between
1.29 (‘fainting’) and 3.93 (‘feeling tired’). All items had a range of 1–5.
Diagnoses of functional somatic syndromes were reported for ﬁbromyalgia (FM)
(17.5%), chronic fatigue syndrome (CSF) (9.9%), irritable bowel syndrome (IBS) (3.8%),
atypical facial pain (0.5%), hyperventilation (0.3%), and whiplash (0.3%). A small number
of respondents reported a diagnosis ofmore than one FS syndrome: 1.3% CFS and FM, 1.8%
FM and IBS. Over 64% of the total sample did not report having a diagnosis of an FS
syndrome.
Cluster solutions and total symptom scores per cluster
Cluster solutions for k=2,3, and 4 are shown in Table 1, with the columns
displaying the average scores of the subjects in this cluster on the 47 symptoms and
on all symptoms combined. In all three solutions the clusters show increasing total
symptom scores from cluster A up to cluster B, C or D (P-valuesb .001), except for
the increase in total symptom score between clusters 4-B and 4-C, which was not sig-
niﬁcant (P=.35).
Cluster-speciﬁc symptom patterns
Cluster-speciﬁc symptom patterns were searched for by examining mean scores
per symptom group per cluster (Fig. 1). In the 2-cluster solution, clusters 2-A and B dif-
fered in general level of symptoms. Between cluster comparison showed a signiﬁcant
difference in severity score for all symptom groups between the two clusters (F(7,
386)=100.49, Pb .001; P-values for post-hoc tests allb .001). The clusters showed a re-
markably similar pattern of symptoms: a relatively high score on fatigue, cogni-
tive, and musculoskeletal complaints as compared to the other symptom groups
(Fig. 1, graph 1).
The 3-cluster solution showed the same type of results: an overall difference in se-
verity of symptoms (Fig. 1, graph 2). Visual inspection revealed that clusters 3-B and C
were speciﬁcally characterized by relatively high scores on fatigue and cognitive com-
plaints as compared to the other symptom groups. Between cluster comparisons
showed a signiﬁcant difference in severity score between clusters 3-A and B for all
groups of symptoms except gastrointestinal symptoms (F(14, 770)=96.24, Pb .001;post hoc comparisons Pb .001 for fatigue, cognitive, cardiac, respiratory, musculoskele-
tal, and ‘other’ symptoms, post hoc comparison for gastrointestinal symptoms P=.06),
while cluster 3-C had higher symptom scores on all symptoms groups, compared to
clusters 3-A and B (all post hoc comparisons Pb .001).
In the 4-cluster solution, speciﬁcally cluster 4-B showed a relative predominance
of musculoskeletal complaints (Fig. 1, graph 3). In the three clusters with higher over-
all symptom scores (4-B, C, and D), scores on fatigue and cognitive complaints were
higher relative to the other symptoms groups. Between cluster comparisons showed
lower symptom scores in cluster 4-A as compared to B for all symptoms groups except
for respiratory complaints (F(21, 1103.19)=83.30, Pb .001; post hoc comparisons
Pb .001 for fatigue, cognitive, cardiac, musculoskeletal, gastrointestinal, and ‘other’
complaints groups, post hoc comparison for respiratory complaints P=.08). Clusters
4-B and C differed in fatigue, cognitive, and musculoskeletal complaints only
(P-valuesb .001), with higher scores on musculoskeletal complaints in cluster 4-B
and higher scores on fatigue and cognitive complaints in 4-C. Clusters 4-C and D dif-
fered on all groups of symptoms (P-valuesb .001).
Thus, all three cluster solutions showed that with increasing symptom severity,
symptom scores increase in most symptoms groups, with a greater increase in fatigue
and cognitive complaints. Further, when the cluster solution allows for intermediate
mean symptom scores, such as in the 4-cluster solution, cluster differences in symp-
tom patterns show up. For the cluster with a high level of complaints (cluster 4-D)
the pattern of complaints is not so much different from those with low level of com-
plaints (4-A) but at intermediate levels of complaints speciﬁcally one cluster shows
up (4-B) with musculoskeletal symptoms.
Cluster differences on demographics
See Table 2 for descriptive information on age, BMI, and gender for all three cluster so-
lutions. Age differed between clusters. In all cluster solutions, persons in the clusters with
relatively low symptom scoreswere older compared to the other clusters (P-valuesb .012).
BMI did not differ between clusters in either of the solutions (P-values>.05). Proportion of
females did not differ within the 2- and 3-cluster solution (both P-values>.05), and al-
though an overall association was found between cluster-membership and gender within
the 4-cluster solution (χ2(3)=8.23, P=.04), none of the cells made a signiﬁcant contribu-
tion to the chi-square statistic.
Cluster differences on anxiety and depression
The HADS anxiety and depression subscale scores differed between clusters in all
three cluster solutions (Fig. 2) (2-cluster: t(252.35)=−7.88, Pb .001 and
t(392)=−8.85, Pb .001, 3-cluster: F(2,391)=31.55, Pb .001 and F(2,391)=52.22,
Pb .001, and 4-cluster: F(3,390)=21.82, Pb .001 and F(3,390)=44.79, Pb .001).
Within all cluster solutions, anxiety anddepression scores increased linearly over the clus-
ters (P-valuesb .001), with some exceptions within the 4-cluster solution. Here, anxiety
did not differ between clusters 4-A and B (P=.13) and between clusters 4-B and C (P=
.51). Depression scores did not differ between clusters 4-C and D (P=.23).
Comparison of solutions on ﬁt index
The variance ratio criterion C(K) was 36,110 (4969/0.137) for the 2-cluster solu-
tion, 26,620 (3372/0.126) for the 3-cluster solution, and 22,201 (2651/0.119) for the
4-cluster solution. Changes in C across the solutions could be explained mainly by
changes in the numerator: between cluster variance increased over the solutions, but
the numerator decreased after controlling for number of clusters. Thus, clusters could
best be discriminated in the 2-cluster solution.
Discussion
The current study yielded three major ﬁndings. First, in all k-means
cluster solutions, clusters were deﬁned by increasing total symptom
scores and increasing psychological distress. Second, cluster-speciﬁc
symptom patterns were found only when more (three or four) clusters
were allowed. Third, clusters could best be discriminated in the 2-cluster
solution.
Our ﬁnding that total symptom severity score distinguished ade-
quately between clusters in all three cluster solutions is similar to the
ﬁndings of previous cluster studieswhere clustersweremost adequate-
ly differentiated by the number of symptoms [14,17,18]. Remarkably,
the two clusters with speciﬁc symptom patterns in the 4-cluster solu-
tion (i.e. 4-B and C) did not differ in total symptom score, indicating
that within a range of intermediate symptom scores, speciﬁc differenti-
ation on symptom patterns occurs. Anxiety and depression scores were
positively related to the total symptom score (as has been found before
[24,25]) in all cluster solutions. However, in the 4-cluster solution this
relation becomes less clear, with no difference in depression between
Table 1





Cluster names 2-A 2-B 3-A 3-B 3-C 4-A 4-B 4-C 4-D
n 251 143 142 167 85 115 98 110 71
Total symptom scores
(SE)
1.94 (.02) 2.96 (.04) 1.74 (.03) 2.33 (.02) 3.21 (.04) 1.66 (.03) 2.31 (.03) 2.35 (.03) 3.29 (.05)
Symptom groups Symptoms
Gastrointestinal Upset stomach 1.70 2.64 1.63 1.84 3.13 1.56 2.04 1.85 3.14
Abdominal pain or stomach pain 1.90 2.72 1.92 1.92 3.24 1.82 2.23 1.87 3.28
Bowel cramps 1.91 2.69 1.85 2.04 3.07 1.81 2.16 2.05 3.10
Bloated stomach 2.04 3.08 1.96 2.27 3.47 1.89 2.43 2.30 3.45
Fatigue Feeling low on energy 3.37 4.69 2.67 4.41 4.72 2.61 3.85 4.55 4.77
Feeling tired 3.45 4.76 2.72 4.51 4.79 2.67 4.01 4.58 4.83
Feeling exhausted 3.11 4.65 2.24 4.37 4.68 2.17 3.70 4.51 4.76
Feeling physically weak 2.81 4.41 2.06 3.96 4.49 1.99 3.36 4.12 4.58
Not feeling ﬁt 3.39 4.66 2.71 4.38 4.71 2.55 3.98 4.51 4.76
Feelings of muscle weakness 2.01 3.53 1.70 2.67 3.80 1.56 2.94 2.42 3.90
Cardiac Chest pain 1.41 2.25 1.32 1.60 2.61 1.26 1.70 1.57 2.69
Rapid heart beat 1.53 2.36 1.43 1.79 2.59 1.43 1.61 1.90 2.69
Pounding heart 1.44 2.28 1.39 1.65 2.53 1.36 1.65 1.70 2.58
Tightness around the chest 1.40 2.13 1.35 1.57 2.38 1.30 1.54 1.63 2.48
Irregular heartbeat 1.37 2.11 1.31 1.54 2.39 1.27 1.63 1.51 2.46
Painful stings in the heart area 1.29 1.85 1.20 1.42 2.14 1.15 1.42 1.46 2.21
Respiratory Feelings of dyspnea 1.39 2.36 1.34 1.62 2.67 1.37 1.48 1.65 2.87
Shortness of breath 1.57 2.48 1.42 1.86 2.79 1.39 1.73 1.92 2.93
Inability to take a deep breath 1.35 2.38 1.31 1.59 2.69 1.34 1.44 1.70 2.80
Sudden fast or deep breathing 1.23 1.89 1.21 1.33 2.16 1.20 1.23 1.41 2.31
Breathlessness 1.25 2.07 1.23 1.41 2.35 1.26 1.26 1.49 2.51
Musculoskeletal Muscle pain 2.87 4.02 2.73 3.20 4.39 2.33 4.32 2.64 4.42
Pain in bones 2.01 3.06 1.94 2.20 3.51 1.62 3.24 1.68 3.55
Pain in joints 2.43 3.81 2.29 2.84 4.20 1.87 4.04 2.22 4.24
Back pain 2.43 3.40 2.31 2.64 3.85 2.04 3.62 2.15 3.79
Pain in neck 2.53 3.47 2.40 2.75 3.89 2.13 3.54 2.38 3.90
Stiffness of ﬁngers, arms, or legs 2.28 3.62 2.13 2.63 4.11 1.76 3.67 2.12 4.17
Cognitive Difﬁculty concentrating 2.41 4.03 1.92 3.37 4.06 1.87 2.47 3.87 4.20
Forgetfulness 2.12 3.58 1.73 2.84 3.82 1.77 2.03 3.26 3.97
Having trouble paying attention 2.23 3.85 1.80 3.13 3.91 1.78 2.19 3.67 4.03
Unclear or foggy thoughts 1.95 3.66 1.51 2.89 3.73 1.50 1.90 3.44 3.89
Distracting thoughts 2.23 3.63 1.95 2.95 3.64 1.95 2.36 3.22 3.80
Confusion or feelings of unreality 1.77 2.92 1.55 2.26 3.13 1.55 1.80 2.54 3.24
Other Excesive sweating 1.62 2.79 1.49 2.02 3.01 1.47 1.79 2.13 3.20
Hot or cold ﬂashes 1.91 3.36 1.77 2.51 3.40 1.75 2.30 2.57 3.54
Dry mouth 1.71 2.66 1.59 2.04 2.86 1.52 1.97 2.14 2.92
Headache 2.30 2.98 2.06 2.61 3.22 2.01 2.61 2.61 3.23
Trembling of hands, arms, or legs 1.40 2.33 1.33 1.64 2.61 1.33 1.61 1.69 2.65
Tingling feeling in ﬁngers, arms, or legs 1.80 2.69 1.73 1.98 3.05 1.66 2.19 1.87 3.14
Numb feeling somewhere in body 1.55 2.58 1.50 1.74 2.98 1.37 1.97 1.74 3.03
Nausea 1.61 2.31 1.55 1.73 2.67 1.52 1.82 1.76 2.66
Fainting 1.16 1.54 1.09 1.26 1.71 1.09 1.21 1.29 1.75
Having trouble swallowing 1.24 1.80 1.16 1.39 2.01 1.16 1.41 1.39 2.03
Sore throat 1.39 1.94 1.29 1.53 2.19 1.25 1.58 1.58 2.14
Rustling sound in ears 1.85 2.26 1.88 1.84 2.49 1.89 1.94 1.79 2.58
Lump in throat 1.47 2.18 1.41 1.58 2.54 1.28 1.79 1.61 2.55
Dizziness 1.76 2.53 1.70 1.98 2.71 1.71 1.71 2.20 2.76
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the other clusters. Possibly, the two clusters with intermediate symp-
tom scores diffuse the overall relation between psychological dis-
tress and symptom scores. Overall, the clear association between
depression/anxiety and symptom score favors the lumpers' position.
In all three cluster solutions, persons in the clusters with low overall
symptom scores were older compared to the other clusters. This ﬁnding
is in linewith research on the relation between age and symptom experi-
ence in ﬁbromyalgia where lower symptom severity was found in older
age groups [26,27], and in line with population surveys showing a lower
prevalence of fatigue in older subjects (here the most prevalent com-
plaint) [28]. A possible explanation could be that older persons have bet-
ter coping strategies, resulting in the symptoms to be perceived (and
reported) as less intense.Our ﬁndings onmultiple cluster solutions can be used to interpret
the different outcomes of previous cluster- or class analyses. Our
4-cluster solution resembles the solutions reported by Gara et al.
and Kato et al. [17,18], where respectively eleven and ﬁve clusters or
classes were found, which could be deﬁned either by speciﬁc symptom
groups or by increasing total symptom counts. Our 2-cluster solution
resembles the solution by Fink et al. [14], who found either two or
three classes, which differed only in the number of symptoms. Thus,
our results show that an a-priori selection of fewer clusters in a solution
results in ﬁnding only the (probably stronger) differences in overall
symptom severity or symptom count. When a solution with more
clusters is selected, more subtle differences between patients in
symptom patterns become visible. However, according to our ﬁt
index, a solution with fewer (i.e. two) clusters is preferred above
Fig. 1. Cluster means per symptom group for the 2-cluster solution (graph 1), 3-cluster
solution (graph 2), and 4-cluster solution (graph 3). gi = gastrointestinal; fa = fatigue;
co = cognitive; re = respiratory; ca = cardiac; mu = musculoskeletal; oth = other
complaints.
Fig. 2. Mean HADS anxiety and depression score per cluster for the 2-cluster solution
(graph 1), the 3-cluster solution (graph 2), and the 4-cluster solution (graph 3). *: dif-
ferent from all other clusters within solution with Pb .001. #: different from cluster 4-A
with Pb .001.
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lumpers' side of the debate.
Although more support was found in the current study for the
lumpers' perspective, results of our three cluster solutions provide evi-
dence for both sides of the lumpers–splitters argument and thereby
support earlier ﬁndings of latent class analyses. As has been suggested
in a recent review by White [12], possibly both sides are true in that
there is mainly commonality but to a certain extent also heterogeneity
between FS syndromes. Results from treatment studies of FS syndromes
also give support for both sides of the argument, as some treatments
(e.g. psychotherapy) seem to have effect across FS syndromes, while
others (e.g. pharmacotherapy) are effective in only some [29]. Thus,Table 2
Descriptives per cluster solution.
2-Cluster solution 3-Cluster solution
2-A 2-B 3-A 3-B 3-
Age (SE) 50.55a (.77) 44.70 (1.11) 51.74a (.97) 47.59 (.98) 44
BMI (SE) 24.68 (.29) 25.08 (.49) 24.40 (.31) 25.00 (.47) 25
% females 76.5 75.5 76.1 73.7 81
a Different from other clusters within solution with Pb .017.
b Different from clusters 4-C and 4-D with Pb .008.we do not recommend dismissing the evidence for the splitters' per-
spective. FS symptoms should be regarded frombothperspectives in re-
search and treatment settings.Limitations
An internet cohortwas used in this study recruited through FS patient
sites. This procedure may have resulted in a non-representative sample
consisting of persons who are: 1) active on the internet, 2) willing to en-
gage in an online survey, and 3) probably actively seeking information
about their FS symptoms on the internet. Because the respondents
have not been clinically screened for possible medical explanations for
their symptoms, we cannot be absolutely sure that all symptoms they
reported were medically unexplained. This patient group, however, is4-Cluster solution
C 4-A 4-B 4-C 4-D
.55 (1.53) 51.53b (1.11) 49.94 (1.27) 46.06 (1.15) 45.00 (1.74)
.21 (.56) 24.07 (.32) 25.33 (.48) 24.88 (.62) 25.29 (.62)
.2 73 84.7 69.1 80.3
11T. Lacourt et al. / Journal of Psychosomatic Research 74 (2013) 6–11known for frequent visits to medical doctors. Earlier studies have
recruited participants throughmedical care facilities, thereby including
only patients that were (still) actively seeking medical care for their
symptoms, introducing another type of selection-bias. Our internet
recruitment-approach adds to these results by including participants
who are not necessarily (still) active in the medical system. Based on
the self-reports of syndrome diagnoses, we conclude that we mostly
reached persons with (complaints resembling) chronic fatigue syn-
drome and ﬁbromyalgia. This may have limited our ﬁndings as well.
Conclusion
In the current study, we found support for both the lumpers' and
the splitters' perspective. In favor of the lumpers' perspective, the
clusters within our solutions differ from each other in total symptom
score, and in each cluster solution a group with a large range of symp-
toms and a group with low score on all symptoms was found. For
these groups, no symptom patterns could be discerned and splitting
seems to be of no use. Further, the variance ratio criterion indicated
that patient groups could best be discriminated from each other when
only divided on overall symptom severity. In favor of the splitters' per-
spective, we found that by forcing a four-cluster solution, persons with
intermediate symptom scores could be further classiﬁed based on specif-
ic symptom patterns. Weighing the support for the splitters and for the
lumpers, we conclude that the results of our study are more in favor
for the lumpers' perspective of the argument, although both sides are
probably true.
Role of funding source
The study was funded by the Linschoten Institute, Utrecht Universi-
ty. Only the authors had a role in the study design, the collection, anal-
ysis, and interpretation of the data, the writing of the report and the
decision to submit the article for publication.
Conﬂict of interest
All authors declare that they have no conﬂicts of interest.
Appendix A. Supplementary data
Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.jpsychores.2012.09.013.
References
[1] Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A. The chronic fa-
tigue syndrome: a comprehensive approach to its deﬁnition and study. Annals of
Internal Medicine 1994;121(12):953-9.
[2] Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al. The Amer-
ican College of Rheumatology preliminary diagnostic criteria for ﬁbromyalgia and
measurement of symptom severity. Arthritis Care and Research 2010;62(5):600-10.
[3] Drossman DA. The functional gastrointestinal disorders and the Rome III process.
Gastroenterology 2006;130:1377-90.[4] Nimnuan C, Hotopf M, Wessely S. Medically unexplained symptoms: an epidemio-
logical study in seven specialities. Journal of Psychosomatic Research 2001;51(1):
361-7.
[5] Verhaak PFM, Meijer SA, Visser AP, Wolters G. Persistent presentation of medical-
ly unexplained symptoms in general practice. Family Practice 2006;23(4):414-20.
[6] Barsky AJ, Borus JF. Functional somatic syndromes. Annals of Internal Medicine
1999;130(11):910-21.
[7] Wessely S, Nimnuan C, Sharpe M. Functional somatic syndromes: one or many?
Lancet 1999;354(9182):936-9.
[8] Aggarwal VR, McBeth J, Zakrzewska JM, Lunt M, Macfarlane GJ. The epidemiology
of chronic syndromes that are frequently unexplained: do they have common as-
sociated factors? International Journal of Epidemiology 2006;35(2):468-76.
[9] Aaron LA, Buchwald D. A review of the evidence for overlap among unexplained
clinical conditions. Annals of Internal Medicine 2001;134(9 II SUPPL):868-81.
[10] Drossman DA, Talley NJ, Leserman J, Olden KW, Barreiro MA. Sexual and physical
abuse and gastrointestinal illness: review and recommendations. Annals of Inter-
nal Medicine 1995;123(10):782-94.
[11] HeimC,WagnerD,MaloneyE, PapanicolaouDA, Solomon L, Jones JF, et al. Early adverse
experience and risk for chronic fatigue syndrome: results from a population-based
study. Archives of General Psychiatry 2006;63(11):1258-66.
[12] White PD. Chronic fatigue syndrome: Is it one discrete syndrome or many? Impli-
cations for the “one vs. many” functional somatic syndromes debate. Journal of
Psychosomatic Research 2010;68(5):455-9.
[13] Tsai CJ. Factor analysis of the clustering of common somatic symptoms: a prelim-
inary study. BMC Health Services Research 2010;10.
[14] Fink P, Toft T, Hansen MS, Ørnbøl E, Olesen F. Symptoms and syndromes of bodily
distress: AN exploratory study of 978 internal medical, neurological, and primary
care patients. Psychosomatic Medicine 2007;69(1):30-9.
[15] Nimnuan C, Rabe-Hesketh S, Wessely S, Hotopf M. How many functional somatic
syndromes? Journal of Psychosomatic Research 2001;51(4):549-57.
[16] Robbins JM, Kirmayer LJ, Hemami S. Latent variable models of functional somatic
distress. The Journal of Nervous and Mental Disease 1997;185(10):606-15.
[17] Gara MA, Silver RC, Escobar JI, Holman A, Waitzkin H. A hierarchical classes anal-
ysis (HICLAS) of primary care patients with medically unexplained somatic symp-
toms. Psychiatry Research 1998;81(1):77-86.
[18] Kato K, Sullivan PF, Pedersen NL. Latent class analysis of functional somatic symp-
toms in a population-based sample of twins. Journal of Psychosomatic Research
2010;68(5):447-53.
[19] Houtveen JH, Oei NYL. Recall bias in reporting medically unexplained symptoms
comes from semantic memory. Journal of Psychosomatic Research 2007;62(3):
277-82.
[20] Ruiter de D, Garssen B, Rijken H, Kraaimaat F. The hyperventilation syndrome in
panic disorder, agoraphobia, and generalized anxiety disorder. Behaviour Re-
search and Therapy 1989;27:447-52.
[21] Spinhoven P, Ormel J, Sloekers PPA, Kempen GJM, Speckens AEM, Van Hemert
AM. A validation study of the Hospital Anxiety and Depression Scale (HADS) in
different groups of Dutch subjects. Psychological Medicine 1997;27:363-70.
[22] Aldenderfer MS, Blashﬁeld RK. Cluster analysis. 1st ed.Beverly Hills, California:
SAGE Publications, Inc.; 1984.
[23] Calinski T, Harabasz J. A dentrite method for cluster analysis. Communication Sta-
tion 1974;3(1):1–27.
[24] Van Diest I, De Peuter S, Eertmans A, Bogaerts K, Victoir A, Van Den Bergh O. Neg-
ative affectivity and enhanced symptom reports: differentiating between symp-
toms in men and women. Social Science & Medicine 2005;61(8):1835-45.
[25] De Gucht V, Fischler B, Heiser W. Personality and affect as determinants of med-
ically unexplained symptoms in primary care: a follow-up study. Journal of Psy-
chosomatic Research 2004;56(3):279-85.
[26] Murray CE, Murray Jr TL. Analysis of variance in ﬁbromyalgia symptom severity
related to demographic variables. Journal of Musculoskeletal Pain 2006;14(1):
15-20.
[27] Cronan TA, Serber ER, Walen HR, Jaffe M. The inﬂuence of age on ﬁbromyalgia
symptoms. Journal of Aging and Health 2002;14(3):370-84.
[28] Van ’t Leven M, Zielhuis GA, Van der Meer JW, Verbeek AL, Bleijenberg G. Fatigue
and chronic fatigue syndrome-like complaints in the general population. Europe-
an Journal of Public Health 2009;29(3):251-7.
[29] Henningsen P, Zipfel S, Herzog W. Management of functional somatic syndromes.
Lancet 2007;369:946-55.
